We present a smartphone app based system for crowd monitoring and management during large public events. The app has been deployed during a number of large scale public events including a large parade in London (Lord Mayor's Show), the Vienna marathon, the new Year's Eve celebrations in Zurich and the crowning ceremony of King WillemAlexander in Amsterdam.
MOTIVATION
Public safety and the management of emergencies in busy urban public spaces is a complex dynamic problem. In the long run, an understanding needs to be developed about how people use the space, where hot spots that can become potentially dangerous are located, and what signs of potential danger (e.g. dangerous crowd conditions) may look like. During concrete events a crowd of people and associated traffic need to be managed according to such an understanding. If a problem occurs in one area (e.g. extreme crowd density or panic) it needs to be quickly resolved through coordinated actions taking into account how these actions may impact the situation in other areas. Overall, the two key issues are situational awareness and the ability to efficiently execute coordinated actions potentially involving hundreds of thousands of people. Clearly, people-centric sensing [1] , where users' personal devices provide data and peoples' mobility ensures the required coverage, is a promising approach to address these issues.
THE SOCIONICAL APP
As apart of the SOCIONICAL EU project we have developed a system that leverages the trend of using smartphone apps as the main information source for visitors to support crowd monitoring and management. Thus, the general idea is to (1) develop an app that provides enough information about an event to motivate a large number of people to use it, (2) build facilities for collecting relevant sensor data (assuming user informed consent) into the app and (3) delivering location and situation adapted messages in case of an emergency. Thus, our system consists of four parts. Firstly, there is a basic App kernel (currently running on Android and iOS with a Windows Phone version under development). Secondly, there is a web based tool that allows the App kernel to be quickly configured towards a specific event. Thirdly, there is a back-end that aggregates the sensor data into a representation of crowd density and state [2] . Finally there is a web front-end that allows the event organizers to access the density information during the event, to dynamically reconfigure the monitoring parameters and to issues messages to selected user groups. From the interviews with emergency services who have used the system during a variety of large events the following three benefits have been repeatedly highlighted. Firstly, the system provides an integrated, easily interpretable overview of the situation which is much easier to handle than many isolated CCTV cameras (which is the current state of the art). Secondly, the system allows predictions about the development of the crowd. Thirdly, the ability to send messages to users based on their location and state allows an unprecedented flexibility in terms of resolving potential problems. Finally, "post mortem" analysis of the data can provide important insight for the organisation of future events.
